Abstract. Breast reconstruction after breast-conservation surgery is an important issue for breast cancer patients. Various factors are associated with complications, of which blood flow is one of the more important. The perforating branches of the internal thoracic artery (ITA) are key contributors to blood flow in the anterior chest wall. The present study examined the distributions and depths of the perforating branches of the internal thoracic artery using a multi-detector row-computed tomography (MDCT) angiography. The subjects in this prospective study comprised of 38 women with suspected breast cancer who underwent MDCT angiography. The images were analyzed on computer using transverse MDCT source data and volume renderings. A total of 47 perforating branches were found, with 27 (57.4%) originating in the second, 6 (12.8%) in the third and fourth, 5 (10.6%) in the first and 2 branches (4.3%) originating in the fifth intercostal space, with one branch (2.1%) originating opposite the first intercostal space. A strong correlation was identified between the distance from the skin to the branch and adipose thickness at the shallowest and deepest points (P<0.001). The distributions and depths of the perforating branches of ITA identified in this study may be helpful in immediate breast reconstruction following mastectomy or breast-conserving surgery.
Introduction
Immediate breast reconstruction following mastectomy or breast-conserving surgery has been shown to exert a beneficial effect on the overall psychological well-being of women receiving treatment for breast cancer (1, 2) . Many surgical techniques have been described, such as reconstruction using a transverse rectus abdominus myocutaneous (TRAM) flap following mastectomy, or a latissimus dorsi muscle flap immediately after breast-conserving surgery (3) (4) (5) (6) (7) (8) (9) (10) . Although blood flow in a pedicle flap such as the latissimus dorsi muscle flap is usually maintained, reconstructed breast scleroses and adiponecrosis occasionally appear long after breastconservation treatment (5, 11, 12) . Of course, adjuvant chemotherapy and/or radiotherapy in breast conservation treatments may influence these complications.
Major arterial inflow to the mammary glandular tissue comes from the perforating branches of the internal thoracic (ITA), lateral thoracic and thoracodorsal artery. Breast reconstruction with consideration for the breast blood supply, such as perforating branches of the ITA, offers the potential to avoid such complications. Breast reconstruction with the preservation of a perforating artery is reportedly associated with fewer complications (6, 13) . The existing literature regarding ITAperforating branches has focused on the beginning of such branches for microsurgical breast reconstruction. However, not all institutions can perform and not all breast cancer patients require microsurgery. To the best of our knowledge, no reports have described ITA-perforating branches in terms of origin and distribution.
Digital subtraction angiography (DSA) is currently the imaging technique of choice for assessing peripheral arteries. In recent years, multi-detector row-computed tomography (MDCT) angiography has shown great potential for the minimally invasive assessment of peripheral arteries (14) (15) (16) .
By using MDCT angiography, we confirmed that perforating branches of the ITA run to the surface of the thoracic cage through intercostal spaces, and then often display a tortuous run through thoracic adipose tissue. We have encountered wide interindividual variations in the courses and lengths of these perforating branches. The aim of the present study was to determine the locations, courses and distributions of perforating branches of the ITA using MDCT angiography. MDCT angiography was performed using an Aquilion 16-detector row CT scanner (Toshiba Medical Systems, Tochigi, Japan). The total volume of iopamidol as contrast material (Iopamiron 370, Schering, Osaka, Japan) was dependent on the body weight of the patient (1.2 ml/kg). Contrast material was administered using a dual shot automated injector (Nemoto Kyorindo, Tokyo, Japan) at a flow rate of 0.06 ml/sec/kg through a 22-gauge needle placed in an antecubital or basilic vein of the unaffected side. At the same flow rate, 50 ml of saline was intravenously injected after contrast material administration. Continuous low-dose monitoring examinations (120 kV, 50 mAs, 0.5-sec scan time) were performed 5 sec after the start of the contrast material injection. At 5 sec after the preset contrast enhancement level reached 100 Hounsfield units (HU) in the region of interest placed in the aortic arch, CT was automatically initiated (120 kV, automatically changed voltage, 0.5-sec scan time). Data acquisition was performed in a craniocaudal direction with a nominal section thickness of 1.0 mm, table feed of 30 mm/sec and a 0.5-sec gantry rotation time (beam pitch, 0.94). The reconstructed field of view displayed a mean diameter of 235 mm (range, 179-281), resulting in a mean pixel size of 0.46 mm (range, 0.35-0.55).
Materials and methods
The MDCT data were transferred to a dedicated workstation (Virtual Place Advance PLUS, AZE, Tokyo, Japan) to measure the distance from the skin to the artery and create volume-rendered images of the ITA-perforating arteries of the precordia. The images were analyzed on the basis of transverse CT source data and volume renderings were available at the workstation. All measurements and reconstructions were performed by the same radiologist (N.K.) who had 5 years experience in reading MDCT and 3 years experience in three-dimensional post-processing techniques.
The perforating branches of the affected ITA were identified at the workstation using transverse sections and three-dimensional images. The identified perforating branches were displayed with muscles of the precordia using volumerendering techniques (Fig. 1) . The precordial region was partitioned by using 4 horizontal lines passing through the sternal angle and third, fourth and fifth costal cartilages, and 3 vertical lines spaced from the midline of the sternum to the lateral margin of the pectoralis major muscle. The areas divided by these lines were numbered as shown in Fig. 2 . The distances from the skin to the branch (b) and adipose thickness (a) at all curved points were measured and the b/a ratio was calculated. The point of the lowest b/a ratio was defined as point S, and the highest as point D. Distances from the midline to points S and D were measured and defined as distances S Figure 1 . Three-dimensional images based on MDCT using volumerendering techniques. The identified perforating branches were clearly displayed with the precordial muscle and bone. This perforating artery originates in the second intercostal space and runs left-caudally. Figure 2 . Partitioning of the precordial region. The horizontal lines pass through the sternal angle and third, fourth and fifth sternocostal joints. The vertical lines quadrisect from the medial sternal line to the lateral margin of the pectoralis major muscle. Table I . ITA-perforating branches. 
and D, respectively. The distance from the midline to the nipple was defined as distance N. The authors performed these measurements and calculations as baseline data for surgeons resecting breast cancer with consideration for the perforating branches of the ITA.
Results
The numbers of perforating branches that were detected in this CT study were 1 in 25 cases (65.8%) and 2 in 11 cases (28.9%). In 2 cases (5.3%), although thought to be present, no perforating artery was detected in this study because a DSA study was not performed. A total of 47 perforating branches were found.
The origin of ITA-perforating branches. Of the 47 perforating branches, 27 (57.4%) originated in the second intercostal space and 6 (12.8%) in the third and fourth intercostal spaces (Table I) . For the 11 cases displaying the 2 perforating branches, the most common origins were the second and third or second and fourth intercostal spaces (3 cases each, 27.3%). Table II shows detailed results.
The distribution of ITA-perforating branches. Distributions were checked for a total of 47 branches in 36 cases. Of the 5 branches originating from the first intercostal space, all five (100%) ran through area 1a, while 4 (80%) ran through area 1b. Of the 27 branches from the second intercostal space, 21 (77.8%) ran through area 2a. Subsequently, 7 out of 21 branches running through 2a ran through area 1b from area 1a, 4 ran through area 1b directly and 9 ran through area 2b. Of the 6 branches from the third intercostal space, 4 (66.7%) ran through area 3a. Of the 6 branches from the fourth intercostal space, 3 (50%) ran through areas 3a and 4a.
The depth of ITA-perforating branches. At point S, the mean (± standard deviation) distance from the skin to the branch and adipose thickness was 2.7±1.9 mm (range, 0-7.7) and 18.6±9.4 mm (range, 3.7-40.8), respectively. The mean b/a ratio was 0.14±0.06 (range, 0.0-0.24). A simple regression analysis showed a strong correlation between the distance from the skin to the branch and adipose thickness (r=0.737, P<0.001, Fig. 3 ). At the shallowest point, the distance from skin to the artery was 14% of adipose thickness. A simple regression analysis showed the relationship between the distances S and N (r=0.454, P=0.005, Fig. 4 ). The distance from the sternum to the shallowest point was 57% of the distance to the nipple. Distance S did not differ significantly between branches originating in the second, third or fourth intercostal spaces (Scheffe's F test). Table II . A combination of double ITA-perforating branches. 1st and 2nd  1  1st and 4th  2  2nd and 3rd  3  2nd and 4th  3  2nd and 5th 1 Opposite 1st and 5th 1 At point D, the mean distance from the skin to the branch and adipose thickness were 9.5±5.7 mm (range, 2.0-24.5) and 14.6±8.8 mm (range, 2.3-36.3), respectively. The mean b/a ratio was 0.69±0.20 (range, 0.25-1). As with point S, a simple regression analysis showed a strong correlation between the distance from the skin to the branch and thickness of adipose tissue (r=0.814, P<0.001, Fig. 5 ). At the deepest point, the distance from the skin to the branch was 53% of adipose thickness. However, no correlations were noted between distances D and N.
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Discussion
This study of 38 patients who underwent MDCT angiography demonstrated locations of the origin and courses of ITAperforating branches. This artery typically originates in the second intercostal space and runs in a horizontal direction with a meandering course. Depth information was also obtained for the branches. For surgeons making skin and fat flaps with preserved perforating branches of the ITA, such distribution and depth information can prove very helpful, and individualized information for this artery can help to determine the flap shape.
Major arteries supplying the mammary gland are the lateral thoracic and thoracodorsal artery and, perforating branches of the ITA. The lateral thoracic and thoracodorsal artery flow from the outside. Breast reconstruction techniques considering these arteries have been reported. Hamdi et al (13) reported the use of a pedicled skin-and fat-only flap based on a perforating branch of the thoracodorsal and the intercostal artery and that technique had fewer complications compared to the muscle flap whose perforator was tiny or not-pulsating. Conversely, the arterial supply from the inside of the mammary gland only occurs via the ITA-perforating branches. However, reconstruction techniques using ITAperforating branches have yet to be described. This lack of a reported technique is likely due to the absence of detailed information on ITA-perforating branches.
Few studies of bifurcation areas for ITA branches have been reported (17) (18) (19) . Rosson et al (17) noted that most perforating branches of the ITA diverge from the second intercostal space, followed by those from the third. The present results support these findings. As a premise for using ITA-perforating branches as recipient vessels for free flaps, Munhoz et al (19) described the location of the origin and caliber of the branches. These studies have covered only the original part of ITA-perforating branches. To the best of our knowledge, no reports have detailed the course, length or distribution of ITA-perforating branches using any imaging modality.
In this study, no perforating artery was detected in 2 cases. As no differences between these and the other cases were noted following the injection of contrast material, there was no reason to question the presence of perforating branches. However, as these cases did not undergo a DSA study, we could not confirm the presence of a perforating artery. The findings of this study are limited because a DSA study, which is the gold standard, was not conducted for any of the cases. Many reports in recent years have described MDCT angiography as an alternative method for the assessment of peripheral arteries (14) (15) (16) . Therefore, the aim of this study was to consider the main perforating branches of the ITA, given that MDCT angiography can display these vessels as well as DSA.
DSA is a gold-standard examination and provides twodimensional data. The courses and distributions of ITAperforating branches may be able to be shown by DSA. However, one of the most important pieces of information when making a fat flap using ITA-perforating branches is arterial depth. In this study, a minimally invasive MDCT angiography demonstrated the curving course and depth information of ITA-perforating branches.
This study investigated ITA-perforating branches in breast cancer patients. A statistical analysis demonstrated that arterial depth at the shallowest and deepest points may be predicted from adipose thickness at those points. The results also show tendencies for intercostal origins and distributions of perforating branches. When making a fat flap involving ITA-perforating branches, the most important point of notice is arterial damage. Arterial depth information is thus crucial in such reconstructive surgery. The present findings should lead to innovations in immediate reconstructive techniques for surgical procedures following breast-conserving surgery. If a surgeon can make a pedicle flap after considering ITAperforating branch patterns in immediate breast reconstruction as a customized breast surgery, this technique can be expected to lead to a decrease in complications.
